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Abstract
We study the sensitivity of future low energy neutrino experiments to extra neutral gauge bosons,
leptoquarks and R-parity breaking interactions. We focus in future proposals to measure coherent
neutrino-nuclei scattering and neutrino electron elastic scattering. We show that in all these three
different types of new physics it is possible to obtain competitive bounds to those of future collider
experiments. For the particular case of leptoquarks we found that the expected sensitivity to the
coupling and mass for most of the future experimental setups is quite better than the current
constraint. We also show specific parameters for extra neutral gauge bosons and R-parity breaking






The Standard Model (SM) is one of the most successful models in physics and it is in
great agreement with almost every measurement in high energy physics[1]. Despite this fact,
there are many motivations to believe that the SM is not the last step in the description of
the physics of elementary particles.
There are many theoretical motivations to believe that there is physics beyond the Stan-
dard Model and recently, the neutrino oscillation experiments have also given an experimen-
tal input on these thoughts. Among the most popular extensions of the SM we find GUT
theories, Supersymmetry and Extra dimensions. None of these theories have been observed
in the laboratory but there are extensive searches for signatures of them in collider physics.
The main aim of this paper is to analyse the potential of low energy neutrino experiments
either to confirm the presence of new physics if it would be discovered by the Large Hadron
Collider (LHC), or put stronger or complementary constraints on their parameters.
We center our attention in signatures that could appear in two different reactions: coher-
ent neutrino-nuclei scattering and neutrino electron elastic scattering. As concrete examples
of coherent neutrino-nuclei scattering we will consider the TEXONO proposal [5], a stopped
pion source with a noble gas detector [6] and the recently discussed proposal of low energy
beta-beams [7]. For the neutrino electron scattering case, we concentrate in the Double
Chooz proposal [8].
For some of these experimental proposals there have already been discussions about their
perspectives for constraining non-standard neutrino interactions [4, 6] or a non-zero neutrino
magnetic moment [6, 19, 20]. In this work we focus on three different types of new physics
phenomenology, namely extra neutral gauge bosons, leptoquarks and R-parity breaking
Supersymmetry. We will see that, despite the fact that we are dealing with very low energy
experiments there are good chances to obtain a very good sensitivity to these type of new
physics and either to complete or to give complementary constraints to those that could be
obtained from future collider experiments.
The structure of the article is the following: In section II we describe the experimental
proposals that we study. In section III we introduce the different types of new physics under
consideration and the expected sensitivity in the different experimental setups. Finally in
section IV we present our conclusions.
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II. EXPERIMENTAL PROPOSALS
Before introducing the phenomenology to study new physics signatures we would like to
discuss the low energy neutrino experimental proposals. In particular, we will discuss the
case of future experiments aiming to measure the coherent neutrino scattering off nuclei
as well as the case of low energy neutrino electron scattering experiments. For the first
reaction we study three different recent proposals while for neutrino electron scattering we
concentrate in the Double Chooz case.
A. TEXONO
TEXONO collaboration has started recently a research program towards measurement
of neutrino-nuclei coherent scattering by using reactor neutrinos and “ultra-low-energy”
Germanium detector (ULEGe) [5].
The proposed parameters of the detector are the following: ULEGe detector with a total
mass of 1 kg, a threshold as low as 100 eV with a background level below 1 keV in the range
of 1 count-per-day. These parameters we will use in our further analysis of sensitivity to Z ′
mass. In addition we will consider more conservative case of 400 eV threshold. Typical time
scale of data taking is assumed to be from one to several years.
Electron anti-neutrino flux is coming from the Kuo-Sheng Nuclear Power Station. The
detector will be located at a distance of 28 m from the reactor core. In our computation we
will assume a typical reactor neutrino flux of 1013 s−1 cm−2. There are several parametriza-
tions that consider in detail the neutrino spectrum coming from a reactor [9], depending on
the fuel composition. In this work we prefer to consider only the main component of the
spectrum [10] coming from 235U, since the experiment is not running yet. For energies below
2 MeV there are only theoretical calculations for the antineutrino spectrum that we take
from Ref. [11].
Besides the TEXONO proposal, we will also discuss the more theoretical case of a Silicon
detector in order to estimate the potential of a combined analysis of two different materials
proposed in our previous paper [4] .
Since the experiment has not started yet, we are not able to account for the detector
efficiency and resolution. Therefore we will estimate the total number of expected events in
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a detector as











(Eν , T ) , (1)
with t the data taking time period, φ0 the total neutrino flux, Mdetector the total mass of
the detector, λ(Eν) the normalized neutrino spectrum, Emax the maximum neutrino energy,
Tth the detector energy threshold. The maximal recoil energy is Tmax(Eν) = 2E
2
ν/(M +
2Eν). The same expression relates the minimum required incoming neutrino energy with
the detector threshold Tth. For instance, for the detector’s threshold 400 eV and
76Ge
nucleus, the minimum required incoming neutrino energy is about 3.8 MeV which is well
satisfied for reactor neutrinos.
B. Stopped pion neutrino source
A different proposal for detecting the coherent neutrino nucleus scattering considers the
use of another source of neutrinos – a stopped-pion source (SPS) – which was recently
proposed to measure coherent neutrino scattering off nuclei as well as non-standard neutrino
properties [6].
The total beam flux consists of the following well-known neutrino fluxes:
• the monoenergetic 29.9 MeV νµ’s produced from pion decay at rest, π+ → µ+νµ;
• ν¯µ and νe coming from muon decay, µ+ → e+νeν¯µ, with a time delay about 2.2µs,
muon decay time scale.
The neutrino spectra are well known. Here we will consider only the total delayed flux
(νe + ν¯µ) as was done in Ref. [6], we assume a total flux of ∼ 107ν s−1 cm−2 and we consider
a similar noble gas detector, 20Ne, of typical mass about 100 kg and data taking time scale
from one to several years.
C. Low energy beta beams
The usage of accelerated radioactive nuclei to produce a well known flux of neutrinos –
beta-beam – was proposed in [12]. It was shown soon afterwards that low energy beta-beams
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open new possibilities to study neutrino properties [13] and recently neutrino-nuclei coherent
scattering experiment using neutrinos from low energy beta beams was discussed [7].
In particular we base our analysis on the beta-beam experiment discussed in [7, 14].
We consider a storage ring of total length L = 1885 m with a straight sections of length
D = 678 m. In the stationary regime the mean number of ions in the storage ring is γτg,
where τ = t1/2/ ln 2 is the lifetime of the parent nuclei, g = 2.7 × 1012 is the number of
injected ions per second and γ = 1/
√
1− β2 is the time delay factor with β the ion velocity
in the laboratory frame. As previous authors, we will consider a cylindrical detector of
radius R = 52 cm and depth h = 40 cm, aligned with one of the storage ring’s straight
sections, and located at a distance d = 10 m from it. Integration over the decay path and
over the volume of the detector gives the total number of events per unit time
Nβ−beamevents = t g τ n h×
∫ ∞
0
dEν Φtot(Eν) σ(Eν) , (2)
where t = 1 year is the data taking time, n is the number of target nuclei per unit volume,
σ(Eν) is the relevant neutrino-nucleus cross-section. For definiteness we consider the case
of a tone of Xe as a target and a factor γ = 14 for 6 He ions, and a threshold of 5 keV. The














Φlab(Eν , θ) , (3)
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The boosted flux in the laboratory frame is
Φlab(Eν , θ) =
Φcm(Eνγ[1− β cos θ])
γ[1− β cos θ] , (5)
where Eν and Ω ≡ (θ, ϕ) denote the energy and solid angle of the emitted (anti-)neutrino
in the laboratory (lab) frame and θ denotes the angle of emission with respect to the beam
axis.
The neutrino flux in the rest frame, Φcm(E
′









E2e −m2e F (±Z,Ee)Θ(Ee −me) . (6)
where me the electron mass and ft1/2 the ft-value. The energy of emitted lepton (electron
or positron) is Ee = Q − E ′ν , where Q being the Q–value of the reaction, and the Fermi
function F (±Z,Ee) accounts for the Coulomb modification of the spectrum [16].
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D. Low neutrino-electron scattering experiments
A different type of experiments that we will also consider in this article are based on low
energy neutrino-electron scattering. This process has already been considered as a possible
place to search for an extra gauge boson [17]. The case of a reactor source to constrain
new physics has recently been discussed both for present [18] and future proposals [19]. In
this work we will concentrate on the perspectives for the Double Chooz experiment [8]. As
in [19], we will consider a 3GW reactor and a 26.5 ton detector with an electron visible
energy window 3 MeV < T < 5 MeV. As in the case of the TEXONO proposal we prefer to
consider only the main component of the spectrum [10] coming from 235U.
III. MODELS AND SENSITIVITY
A. Z ′ models
In this section we introduce the description of the extra gauge bosons to be considered.
New massive gauge bosons are a common feature of physics beyond the Standard Model,
such as superstring theories [21, 22]. New massive gauge bosons are a common feature of
physics beyond the Standard Model. Heavy neutral vector bosons Z ′ are predicted in string
inspired extensions of the SM, in left-right symmetric models, in models with dynamical
symmetry breaking, in ”little Higgs” models and in certain class of theories with extra
dimensions. In many of these models it is expected that Z ′ mass can be around TeV scale.
The present experimental lower limits to the neutral gauge boson mass come from the
Tevatron and LEP experiments [1]. The coming measurements at LHC will provide sensi-
tivity to the Z ′ mass up to 5 TeV [2, 3].
The new Z ′ boson affects the neutral current couplings of the SM and its contribution at
low energies can be tested from atomic parity violation and by electron-nucleon scattering
experiments (see refs in [1]). Since low energy experiments are not sensitive to the mixing
angle between the SM and the extra gauge boson and this angle is very well constraint [1]
we will neglect it.
We consider first the particular case of an additional neutral gauge boson Z ′ that arises
from a primordial E6 gauge symmetry [23]. These extension usually involve an extra U(1)
hypercharge symmetry at low energies that may be given as the mixture of those associated
6
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with the symmetries U(1)χ and U(1)ψ. We show the quantum numbers for the SM particles
in Table I.
The corresponding hyper-charge is then specified by
Yβ = Yχ cosβ + Yψ sin β, (7)
while the charge operator is given as Q = T 3 + Y . Any value of β is allowed, giving
us a continuum spectrum of possible models of the weak interaction. At tree level it is
possible to write an expression for the effective four-fermion Lagrangian describing low-
energy neutral current phenomena. We neglect non-standard radiative corrections because
its contribution is of order (α/π)(M2Z/M
2
Z′) [24]. Another class of Z
′ models is coming from
left-right symmetric models that have the premise that the fundamental weak interaction
Lagrangian is invariant under parity symmetry at energies about 100 GeV. The gauge group
of this type of models is given by SU(2))L ⊗ SU(2)R ⊗ U(1)B−L, which gives an additional
neutral gauge boson plus a charge gauge boson [22]. We will concentrate in this work in the
neutral currents.
In the following subsections we will introduce the modifications to the coupling constants,
and therefore to the cross section, due to this type of new physics. With this information we
will study the different experimental proposals and their sensitivity to both E6 and left-right
symmetric neutral gauge bosons.
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1. Coherent neutrino-nuclei scattering coupling constants
Before introducing this description it is useful to recall the general description of the
non-standard neutrino-quark and neutrino-electron interactions and then we will specify the
interactions for commonly used Z ′ models.
Generically the neutrino-quark interaction at low energies (energies ≪ MZ) can be de-





























































+ λdR + εdR
Here sˆ2Z = sin
2 θW = 0.23120 – the Weinberg weak mixing angle taken in the M¯S model.
The radiative corrections [1] ρNCνN = 1.0081, κˆνN = 0.9978, λ
uL = −0.0031, λdL = −0.0025
and λdR = 2λuR = 7.5 × 10−5 are included into our analysis. In general, the parameters
εqP (q = u, d and P = L,R) describe a generic non-standard neutrino interaction. For the
specific case of E6 string inspire models this is translated into








































εdL = εuL = −εuR, (10)
where cβ = cosβ, sβ = sinβ and γ = (MZ/MZ′)
2. Three main models have been extensively
studied, namely: the χ model (cosβ = 1), the ψ model (cosβ = 0) and the η model
(cosβ =
√
3/8). In previous articles [17] it has been stressed that low energy neutrino
experiments are more sensitive to the χ model than to others E6 models. However, for
comparison with the expected sensitivity to Z ′ mass in different models at LHC we will
consider a continuum spectrum of possible models over parameter β.
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From the Lagrangian in Eq. (8) we can obtain the coherent neutrino-nucleus differential




















where M is the mass of the nucleus, T is the recoil nucleus energy, which varies from 0 to
Tmax = 2E
2









































Z and N represent the number of protons and neutrons in the nucleus, while Z± (N±) stands
for the number of protons (neutrons) with spin up and spin down respectively. The vector
and axial nuclear form factors, F Vnucl(Q
2) and FAnucl(Q
2), are usually assumed to be equal
and of order of unity in the limit of small energies, Q2 ≪M2.
The SM neutral current vector couplings of neutrinos with protons, gpV , and with neutrons,














uL + λuR + 2λdL + 2λdR . (14)
From Eq. (13) it is possible to see that the axial couplings will vanish.
Besides string inspired models, we also consider left-right symmetric models. In this case
the coupling constants in Eq. (9) can be expressed as [25]











































































2. Neutrino-electron scattering coupling constants




















with f eL,R = gL,R ± εL,R, and











































As in previous subsection, here γ = (MZ/MZ′)
2. With this prescription, the neutrino-






















+ sin2 θW + ε
L (20)
gR = sin
2 θW + ε
R (21)
For the left-right symmetric case, we can express the coupling constants as
gLRL = AgL +BgR (22)
gLRR = AgR +BgL (23)
where A and B were defined in Eq. (16).
3. Future sensitivity
We present in this section the expected Z ′ sensitivity for the different experimental pro-
posals discussed in the previous section. In order to compute the expected mass limit that
these experiments could get we consider that the future experiment will measure exactly the
10
















FIG. 1: Sensitivity to different extra neutral gauge boson coming from E6 models. We consider the
case of the TEXONO proposal for an energy threshold of 100 eV (solid line) and 400 eV (dashed
line); two other cases are shown for the case of a future stopped pion source (dashed dotted line)
and for a beta-beam source (dotted line). Finally, the Double Chooz sensitivity is also shown
(dashed double dotted). It is possible to see from this plot that the most sensitive experiment to
this type of new physics would be the TEXONO experiment, although other proposals are also
competitive.
Standard Model prediction, and we assume that the systematic error would be equal to the
statistical errors and we add them in quadratures. With these hypothesis we can compute
the 95 % C. L. bound reachable at these future experiments. We make this computation for
the string inspired models for all possible values of cosβ considering the detector character-
istics explained in the previous section. The results are shown in Fig. 1. For the left-right
symmetric case the expected sensitivity is shown in Table II.
From Fig. 1 it is possible to see different phenomenological aspects. First, it is possible
to see that the model with cosβ = 1, the χ model, is the most sensitive for low energy
neutrino experiments. It is also possible to notice that, for the coherent neutrino nucleus
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Experiment Texono Beta beam Texono Stopped Double Chooz current limit
100 eV 400 eV pion source
Sensitivity 676 449 427 273 542 830 [26]
TABLE II: Expected sensitivity, in GeV, for the mass of a left-right symmetric model extra gauge
boson. We consider five different experimental proposals. The current limit is also shown for
comparison.
scattering case, the ψ model (cos β = 0) is the opposite situation. This behaviour is clear
from the formula (10) where it is possible to see that for this specific value, the corrections
to the Standard Model Lagrangian cancels. A similar property arises both in the case
of coherent neutrino nucleus scattering as well as in anti-neutrino electron scattering for
cosβ = −
√
5/32. These features of different specific models seems to discourage the search
for this type of new physics in low energy neutrino experiments, since only few models can
give a significant signature. However, in the case of a positive signature in LHC we can
expect its confirmation in this kind of experiments, or their non-observation in the case of
other specific models, providing in any case indirect complementary information.
It is also possible to see from this plot that the experiment that seems to be more sensitive
to an extra Z signal is TEXONO proposal, although this prediction could change in future
if the experimental proposals change their respective setups. In order to illustrate how this
predictions could change, we show in Fig. 2 the improved sensitivity for each proposal in
the case of an increase in mass or time exposure, which reduces the statistical error.
We can see that, despite the low energy, these neutrino experimental proposals could have
a sensitivity quite competitive with the current Tevatron constraints and an improvement
will depend on the specific experimental setup. In particular, for the TEXONO and beta
beam cases, the expected sensitivity to an extra χ gauge boson is very promising since it is
expected that at 95 % C. L., a constraint above 1 TeV could be obtained.
Finally we would also like to show the expected sensitivity of these proposals from a
different approach, that is the potential of having evidence for a new gauge bosons. In
this case, instead of considering a 95 % C. L. limit we consider that the experiment could
have a deviation from the Standard Model expectations. In order to present this result we
consider that, instead of measuring the SM expected number of events, we have a three
12



















FIG. 2: Sensitivity to a extra χ neutral gauge boson coming from E6 models for different experi-
mental setups. The dependence on the size of the detector and time of running is shown.
sigma deviation signature, probably due to a Zχ gauge boson. This case may be of special
interest if there is an additional positive signature from a different experiment such as LHC,
in which case the confirmation by different experiments would be expected. In order to
illustrate this confirmation potential we show in Fig. 3 what would be the required time
exposure (or mass) to detect a Zχ of mass 1 TeV for different experiments, the results are
shown again in terms of units that are normalized to the original proposal.
B. Leptoquark models
A leptoquark is a scalar or vector boson that couples to a lepton and a quark. There are
no such interactions in the SM, but they are expected to exist in the various extensions of
the SM [1], such as the Pati-Salam model [27], grand unification theories based on SU(5) [28]























FIG. 3: Upgrades needed to obtain evidence of a 1 TeV Zχ gauge boson for the TEXONO and
beta beam proposals.
Experiment Texono 100 eV Beta beam Texono 400 eV Stopped pion source current constraint
Sensitivity 1290 825 810 570 298 [32]
TABLE III: Expected leptoquark sensitivity, in GeV, for future low energy neutrino experiments.














where λu, λd are couplings, mlq - leptoquark mass. This parametrization is given for vector
leptoquarks. In the case of scalar leptoquarks, our results should be multiplied by a factor
1/2 [31].
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FIG. 4: Sensitivity to a vector leptoquark for different experimental setups. The dependence on
the size of the detector and time of running is also shown.
In case of an observation at colliders like LHC and LEP, one can constrain directly
the leptoquark mass. The expected sensitivity for LHC could be as high as 1.6 TeV [33].
However, for indirect observations, like our low energy 4-fermion case, one can constrain
only the combination λ2q/m
2
lq. An extensive list of constraints on the leptoquark couplings
and masses are given in Refs. [1, 31]. The current limit for a leptoquark which couples to
the first generation of leptons and first generation of quarks is given by
λ2q/(mlq/300GeV)
2 < 0.02
We have calculated the sensitivity to the vector first generation leptoquark couplings and
masses which is expected at different low energy neutrino experiments already discussed in
this work. The results are shown in Fig. 4 where we show the expected sensitivity at 90 %
C. L. for each experiment an the possible improvements if the experimental setup could run
with a bigger mass or for a larger time.
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FIG. 5: Sensitivity to neutral current R-parity breaking terms for different experimental setups.
The dependence on the size of the detector and time of running is also shown as well as the current
limits. See text for a detailed explanation of these couplings
One can see that the low energy neutrino experiments are very promising for improving
the present bounds.
The sensitivities for the case of scalar leptoquark masses for different low energy neutrino
experiments are collected in Table (III). For easy comparison with the bounds given in [1] we
have fixed the leptoquark effective coupling at the electroweak value: λ2q/4π = 1/137 and we
compute the sensitivity of the scalar leptoquark mass at 95 % C.L. These results also show
a big potential for low energy neutrino experiments to give a complementary information
about leptoquark masses and couplings.
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C. SUSY with broken R-parity
In supersymmetric theories, gauge invariance does not imply baryon number (B) and
lepton number (L) conservation and, in general, the so called R-parity (defined as R =
(−1)3B+L+2S where S is the spin) is violated. However, one has to keep the consistency
with the non-observation of fast proton decay. One may consider, for instance, the R-parity
violating MSSM (imposing baryon number conservation) with a superpotential that contains















where we use the standard notation, LL, QL, E¯R, and D¯R to denote the chiral superfields
containing the left-handed lepton and quark doublets and the right-handed charged-lepton
and d-quark singlets respectively; i, j, k are generation indices. A lepton-Higgs term (LH)
can also be included in the superpotential, but it can be rotated away trough an appropriate
redefinition of the superfields.
At low energies, the heavy Supersymmetry particles can be integrated out and the net
effect of the R-breaking interactions is to generate effective four-fermion operators involving
the lepton and quark fields.
By considering the case where a single Yukawa coupling (with one flavor structure) is

























































The factors (1 − r12k(e˜kR)) account for the Fermi coupling constant redefinition GF =
GSMF (1 + r12k(e˜kR)) that arise from the modification to the µ decay due to R-breaking
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interaction. In this work, since we are considering only neutral current corrections, we will
not take this term into account.
From eq. (25) we can see that the R breaking terms appear both in the fdL and fdR
couplings. We take into account this correlation and we show in Fig. (5) the possible future

















As in previous sections, the possible improvements if the experimental setup could run with
a bigger mass or for a larger time is shown in this figure. The current constraints for these
parameters are given by λ
′d2
L
1j1 ≤ 0.0121 and λ′d
2
R
11k ≤ 0.0001 [35]. Stringent constraints exist
for specific values of k and j, for instance, from neutrinoless double beta decay [36] in the
particular case k = j = 1 (λ
′d2
L,R




conclude that the perspectives to improve the sensitivity to λ
′d2
L
1j1 are quite promising for this
type of experiments.
IV. CONCLUSIONS
We have shown that low energy neutrino experiments could provide independent and
complementary information on Z ′, leptoquark masses and couplings and R-parity violating
SUSY interactions. We have calculated the potential of various future low energy neutrino
experiments to either confirm the discovery of extra heavy gauge bosons at LHC or to
constrain their masses.
As concrete coherent neutrino-nuclei interaction proposals, we have discussed the TEX-
ONO case, the stopped pion source with a noble gas detector and the beta-beams. In the
neutrino-electron-scattering case we have concentrated on the Double Chooz experiment.
We have found that a coherent neutrino-nuclei scattering using reactor neutrinos, with a
threshold of 100 eV, gives the highest sensitivity to new interactions coming from the ex-
change of extra heavy neutral gauge bosons, leptoquarks or R-parity breaking susy, and we
showed that other experimental setups could compete with this sensitivity if either mass or
time exposure is enlarged.
For the particular case of leptoquarks, we have found that all the discussed low energy
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neutrino experiments have the potential to improve the present bound on leptoquark masses
and couplings. In particular, the best sensitivity to the leptoquark mass is of the order of
1.3 TeV, assuming an electroweak value of the coupling, λ2q/4π = 1/137 and can be achieved
by the TEXONO experiment with a threshold of 100 eV. For the case of supersymmetry with
broken R-parity, the perspectives to improve the constraint on the λ′1j1 and the corresponding
mass for the d˜L are also very promising for all the experimental setups.
Finally, low energy neutrino experiments have great potential to provide us an indirect
information about high energy physics and therefore strongly complement accelerator ex-
periments.
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